Data are from the The Clinical Relevance of ABO Blood Type in 100 Patients with Acute Subdural Hematoma study, whose authors may be contacted at <daniel.dubinski@kgu.de>.

Introduction {#sec005}
============

Isolated acute subdural hematoma (aSDH) is a form of intracranial bleeding defined by the presence of a blood collection between the dura and arachnoid layer, that requires immediate intensive treatment and the mortality rates are as high as 50--80%. \[[@pone.0204331.ref001]\] \[[@pone.0204331.ref002]\] Despite the presence of several outcome prediction models that are based on clinical parameters such as the initial Glasgow coma scale (GCS), present anticoagulation therapy, pupillary status and the time between onset and operation, the prediction of patient's outcome remains challenging. \[[@pone.0204331.ref003]\] \[[@pone.0204331.ref004]\] \[[@pone.0204331.ref005]\] \[[@pone.0204331.ref006]\] Midline-shift on the other hand is an established parameter that is associated with a higher frequency of unfavourable outcome and death. \[[@pone.0204331.ref007]\] \[[@pone.0204331.ref008]\] Accordingly, additional risk factors are required for the prediction of short and long-term prognosis in these patients. In recent years several studies described the profound influence of the ABO blood type system on patients haemostasis and thrombosis. \[[@pone.0204331.ref009],[@pone.0204331.ref010]\] The ABO blood type is determined by the glycosyltransferase on chromosome 9 that attaches monosaccharaides to the cell membrane on erythrocytes, platelets and vascular endothelial cells. The blood type O is a result of an inactive glycosyltransferase and is furthermore strongly associated with a reduction of the circulating procoagulatory vWF (von Willebrand factor) and F VIII (Factor VIII) plasma level of up to 30% compared to non-O blood type. \[[@pone.0204331.ref011]\] \[[@pone.0204331.ref012]\] As vWF binds and transports F VIII, this interaction is vital for platelet/matrix binding in terms of haemostatic response to vascular injury. A decreased plasma level of vWF and F VIII in patients with blood type O is therefore of direct clinical significance. \[[@pone.0204331.ref013]\]\[[@pone.0204331.ref014]\] Coherent clinical studies confirmed the blood type O as a bleeding risk factor in several disciplines. \[[@pone.0204331.ref015]\]\[[@pone.0204331.ref009]\] In line, patients with non-O blood type were shown to have an increased risk for suffering from VTE (venous thromboembolism), coronary heart disease and arterial thrombosis. \[[@pone.0204331.ref016],[@pone.0204331.ref017]\] The influence of patients ABO blood type on clinical course and outcome after aSDH has not been investigated yet. We conducted this study to explore the role of patients ABO blood type as a new risk/prognostic factor.

Material and methods {#sec006}
====================

Patients and data collection {#sec007}
----------------------------

The present study was approved by the clinical ethics committee of the University of Frankfurt. All patients over 18 years old with the diagnosis of isolated aSDH admitted to our University Hospital from 2010 to 2015 were identified retrospectively using the electronic database. All data were fully anonymized before access; hence no informed consent was required. Exclusion criterions included the lack of radiological data or ABO blood type, traumatic brain injury (TBI), pre-existing hematological disorders or hospital discharge in less than 24 hours after admission. Investigated medical record parameters included: ABO blood type, age at admission, gender, hematoma volume by ABC/2 formula, \[[@pone.0204331.ref018]\] midline shift, GCS at admission, GCS 24 hours after surgical treatment, rebleeding rate, GOS at 3 months, occurrence of postoperative seizures and anticoagulation treatment.

The radiological examinations were performed using the initial CT scan. For volume measurements the estimating formula ABC/2 was used. In patients with bilateral hematomas, both volumes were added together. For measurement of the midline shift and the width of the hematoma, the maximum diameter was used. In cases of clinically suspected epileptic seizures, we assessed the surface EEG recording that was reviewed by experienced neurologists who were blind to the patient's outcome. Patient's functional outcome was evaluated using the Glasgow Outcome Scale (GOS) at 3 months follow-up.

Study design {#sec008}
------------

The present analysis is a retrospective, single centre observational study of isolated aSDH patients. The aim of the study was (1) to observe the incidence of the ABO blood type compared to the general German population, (2) examine the possible influence of ABO blood type on preoperative parameters and (3) to correlate the ABO blood type with patient's outcome.

Statistics {#sec009}
----------

Data analysis was performed with BiAS (Version 11.06.2017). For parametric parameters, the ANOVA test was used. For nonparametric parameters, the Wilcoxon-Mann-Whitney test was used. To assess the impact of the variables, odds ratio (OR) with 95% confidence intervals (CI) was calculated. Results with p ≤0.05 were considered statistically relevant.

Results {#sec010}
=======

A total of 139 patients were eligible for this study. ABO blood type was not available in 39 cases. Thus, 100 patients (mean age 79 years, 33 female) were included in this study (study allocation displayed in [Fig 1](#pone.0204331.g001){ref-type="fig"}). Mean aSDH volume measured in the initial CT scan at admission was 105.16 ± 37.96 mm^3^ and a midline shift of 11.25 mm ± 5.14 mm. There was an even distribution between left and right hematoma side (47 vs. 49) and in 4 cases bilateral aSDH was diagnosed. Mean GCS at admission was 7.25 ± 3.87, postoperative 3.75 ± 5.02 and 7.75 ± 4.81 at discharge. 20% of the patients suffered from rebleeding and postoperative seizures were recorded in 44%. Mean GOS 3 months after discharge was 3 ± 1.61. 72% of the patients presented with anticoagulation at admission. For detailed patient's baseline characteristics separated by ABO blood group see [Table 1](#pone.0204331.t001){ref-type="table"}, [S1 Table](#pone.0204331.s001){ref-type="supplementary-material"}.

![Study allocation with the illustration of major findings: Blood type A patients are at higher risk for postoperative seizures whereas patients with blood type O benefit in their clinical course after aSDH.](pone.0204331.g001){#pone.0204331.g001}
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  [Blood Group, *n (%)*]{.ul}               [All, 100 *(100%)*]{.ul}   [A, 45 *(45%)*]{.ul}   [*P*-value *(A vs*. *non-A)*]{.ul}   [OR *\[95% CI\]*]{.ul}   [B, 6 *(6%)*]{.ul}   [*P*-value *(B vs*. *non-B)*]{.ul}   [OR *\[95% CI\]*]{.ul}   [AB, 6 *(6%)*]{.ul}   [*P*-value *(AB vs*. *non-AB)*2]{.ul}   [OR *\[95% CI\]*]{.ul}   [O, 43 *(43%)*]{.ul}   [*P*-value *(O vs*. *non-O)*]{.ul}   [OR *\[95% CI\]*]{.ul}
  ----------------------------------------- -------------------------- ---------------------- ------------------------------------ ------------------------ -------------------- ------------------------------------ ------------------------ --------------------- --------------------------------------- ------------------------ ---------------------- ------------------------------------ ------------------------
  Sex (female), *n (%)*                     33 (33)                    15 (33)                n.s.                                 n.s.                     3 (50)               n.s.                                 n.s.                     3 (50)                n.s.                                    n.s.                     12 (28)                n.s.                                 n.s.
  Age (mean), *n (SD)*                      79 (13.91)                 80 (13.25)             n.s.                                 n.s.                     78.50 (9.70)         n.s.                                 n.s.                     77.50 (17.33)         n.s.                                    n.s.                     79 (14.88)             n.s.                                 n.s.
  Mean GCS (preoperative), *(SD)*           7.25 (3.87)                7 (3.81)               n.s.                                 n.s.                     7.5 (3.93)           n.s.                                 n.s.                     11.5 (3.74)           **0.051**                               \[7.00--11.50\]          6 (4.13)               n.s.                                 n.s.
  Mean GCS (postoperative), *(SD)*          3.75 (5.02)                3.0 (4.30)             n.s.                                 n.s.                     4.5 (4.27)           n.s.                                 n.s.                     11.5 (5.42)           n.s.                                    n.s.                     3.0 (5.11)             n.s.                                 n.s.
  Mean GCS (discharge), *(SD)*              7.75 (4.81)                8 (5.25)               n.s.                                 n.s.                     12 (4.14)            n.s.                                 n.s.                     7.5 (4.57)            n.s.                                    n.s.                     6 (4.92)               n.s.                                 n.s.
  Mean GOS (3 month), *(SD)*                3 (1.61)                   3 (1.73)               n.s.                                 n.s.                     3 (1.50)             n.s.                                 n.s.                     1.3 (0.81)            **0.018**                               \[3.00--0.50\]           3 (1.91)               n.s.                                 n.s.
  Mean volume (cm3), *(SD)*                 105.16 (37.96)             111.78 (54.10)         n.s.                                 n.s.                     140.87 (39.96)       n.s.                                 n.s.                     76.46 (34.12)         n.s.                                    n.s.                     98.55 (35.97)          n.s.                                 n.s.
  Mean midline shift (mm), *(SD)*           11.25 (5.14)               11.75 (7.02)           **0.029**                            \[7.20--11.85\]          12.70 (2.37)         n.s.                                 n.s.                     9.30 (4.77)           n.s.                                    n.s.                     6.50 (5.52)            **0.007**                            \[6.50--11.75\]
  Rebleeding, *n (%)*                       20 (20)                    8 (18)                 n.s.                                 n.s.                     2 (33)               n.s.                                 n.s.                     3 (50)                n.s.                                    n.s.                     7 (16)                 n.s.                                 n.s.
  Seizure, *n (%)*                          44 (44)                    28 (62)                **0,0008**                           4.01 \[1.73--9.27\]      1 (17)               n.s.                                 n.s.                     1 (17)                n.s.                                    n.s.                     14 (32)                **0.035**                            0.43 \[0.19--0.98\]
  Anticoagulation (at admission), *n (%)*   72 (72)                    34 (76)                n.s.                                 n.s.                     5 (83)               n.s.                                 n.s.                     6 (100)               n.s.                                    n.s.                     27 (63)                n.s.                                 n.s.

Detailed patients baseline characteristics separated by ABO blood group. Blood type O patients benefit in their clinical course, whereas blood type A patients are at higher risk for aSDH sequel.

ABO blood type and the prevalence of aSDH {#sec011}
-----------------------------------------

45 patients carry the blood type A (45%), followed by 43 patients with blood type O (43%), 6 patients with the AB blood type (6%) and 6 patients with blood type B (6%). There was no significant difference in blood type distribution between our analyzed cohort and ABO blood type distribution among the German population~~.~~ The ABO distribution among German population and aSDH patients is displayed in [Fig 2](#pone.0204331.g002){ref-type="fig"}.

![Comparison of the ABO blood type distribution among the analysed cohort and German population.](pone.0204331.g002){#pone.0204331.g002}

Advantage of blood type O in the clinical course of patients with aSDH {#sec012}
----------------------------------------------------------------------

Postoperative seizures are strongly associated with poor outcome. In our cohort 14 (32%) patients with blood type O had epileptic seizures. This was the case for 28 (62%) of the patients with blood type A, one patient (17%) with blood type B, and one patient (17%) with the AB blood type. Therefore, patients with blood type O had a significantly decreased risk in the development of postoperative epileptic seizures (OR 0.43; 95% CI \[0.09--0.98\]; p = 0.035) ([Table 2](#pone.0204331.t002){ref-type="table"}).

10.1371/journal.pone.0204331.t002
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  [Characteristics]{.ul}                    [All, 100 *(100%)*]{.ul}   [seizure, *n = 44*]{.ul}   [no seizure, *n = 56*]{.ul}   [*P*-value]{.ul}   [OR *\[95% CI\]*]{.ul}
  ----------------------------------------- -------------------------- -------------------------- ----------------------------- ------------------ ------------------------
  Sex (female), *n (%)*                     33 (33)                    13 (30)                    20 (36)                       n.s.               n.s.
  Age (mean), *n (SD)*                      79 (13.91)                 79 (13.41)                 79 (14.41)                    n.s.               n.s.
  Blood type A, *n (%)*                     45 (45)                    30 (68)                    15 (27)                       **0,0001**         5.85 \[2.46--13.94\]
  Blood type O, *n (%)*                     43 (43)                    14 (32)                    29 (52)                       **0.035**          0.43 \[0.19--0.98\]
  Blood type B, *n (%)*                     6 (6)                      1 (2)                      5 (9)                         n.s.               n.s.
  Blood type AB, *n (%)*                    6 (6)                      1 (2)                      5 (9)                         n.s.               n.s.
  Mean GCS (preoperative), *(SD)*           7.25 (3.87)                6 (3.48)                   9 (4.25)                      **0,0003**         3.78 \[1.42--4.57\]
  Mean GCS (postoperative), *(SD)*          3.75 (5.02)                3 (4.41)                   6 (5.16)                      **0.002**          3.07 \[1.06--4.93\]
  Mean GCS (discharge), *(SD)*              7.75 (4.81)                3 (4.97)                   11 (4.63)                     **0,0001**         8.30 \[6.08--9.91\]
  Mean GOS (3 month), *(SD)*                3 (1.61)                   3 (1.44)                   3 (1.69)                      n.s.               n.s.
  Mean volume (cm3), *(SD)*                 105.16 (37.96)             99.31 (45.43)              93.15 (50.98)                 n.s.               n.s.
  Mean midline shift (mm), *(SD)*           9.1 (5.14)                 11.3 (6.73)                8.7 (5.79)                    **0,04**           2.07 \[0.11--5.08\]
  Rebleeding, *n (%)*                       20 (20)                    7 (16)                     13 (23)                       n.s.               n.s.
  Anticoagulation (at admission), *n (%)*   72 (72)                    37 (84)                    35 (63)                       n.s.               n.s.

Allocation of the investigated cohort according to the onset of postoperative seizures. Significant increase was observed for patients with blood type A, whereas blood type O patients were at lower risk for the development of postoperative seizures.

The preoperative midline shift was measured on the initial CT-scan as mentioned in the material section. Patients with blood type O had a mean midline shift of 6.5 ± 5.52 mm, blood type A patients had a mean midline shift of 11.7 ± 7 mm, blood type AB patients had a mean midline shift of 9.30 ± 4.77 mm whereas blood type B patients had 12.7 ± 2.37 mm. A significant lower midline shift was observed in blood type O patients (p = 0.007; median range 11.75--6.5 mm). ([Table 1](#pone.0204331.t001){ref-type="table"}, [Fig 3](#pone.0204331.g003){ref-type="fig"}).

![Patients allocated according to the ABO blood type.\
The left ordinate shows the mean midline shift of patients with aSDH and. The right ordinate shows the percentage of patients with postoperative seizures.](pone.0204331.g003){#pone.0204331.g003}

Blood type A is associated with an increased risk for aSDH sequelae {#sec013}
-------------------------------------------------------------------

Among the analyzed parameters, the occurrence of postoperative seizures (verified via EEG as described in the methods section) was investigated. Statistical analysis showed a significant increase ~~s~~ in blood type A patients for the development of postoperative epileptic seizures (OR 4.01; 95% CI \[1.73--9.27\]; p = 0.0008).

Further, blood type A patients had a mean midline shift of 11.75 ± 7.02 mm in the preoperative CT scan. We found this parameter significantly increased compared to the other ABO blood types. (p = 0.029; median range 7.20--11.85 mm). ([Table 1](#pone.0204331.t001){ref-type="table"} [Fig 3](#pone.0204331.g003){ref-type="fig"}).

Patient's present anticoagulation therapy does not influence aSDH volume, midline shift and outcome {#sec014}
---------------------------------------------------------------------------------------------------

To exclude the bias role of anticoagulation therapy in the comparison between the ABO blood types, we allocated the cohort according to present anticoagulation. Anticoagulation was present in significantly older patients (OR 6.18; 95% CI \[11.55--22.45\]; p = 0.0001) and was associated with poor postoperative outcome represented via GCS (OR 5.48; 95% CI \[-8.17--3.82\]; p = 0.0001) and at discharge (OR 5.48; 95% CI \[3.82--8.17\]; p = 0.0001) respectively. However, the presence of anticoagulation did not influence the mean subdural blood volume (OR 0.60; 95% CI \[14.80--27.82\]; p = 0.545), the mean midline shift (OR 1.88; 95% CI \[0.12--5.33\]; p = 0.561), the rebleeding rate (OR 1.21; 95% CI \[0.39--3.71\]; p = 0.789) nor the outcome analyzed through the GOS 3, month post-operative (OR 1; 95% CI \[2.59--4.39\]; p = 1). (See [Table 3](#pone.0204331.t003){ref-type="table"}, [Fig 3](#pone.0204331.g003){ref-type="fig"}).

10.1371/journal.pone.0204331.t003
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  [Characteristics]{.ul}             [All, 100 *(100%)*]{.ul}   [Anticoagulation, *n = 72*]{.ul}   [No anticoagulation, *n = 28*]{.ul}   [*P*-value]{.ul}   [OR *\[95% CI\]*]{.ul}
  ---------------------------------- -------------------------- ---------------------------------- ------------------------------------- ------------------ ------------------------
  Sex (female), *n (%)*              33 (33)                    24 (33)                            9 (32)                                n.s.               n.s.
  Age (mean), *n (SD)*               79 (13.91)                 81 (10.74)                         64 (17.12)                            **0.0001**         6.18 \[11.55--22.45\]
  Blood type A, *n (%)*              45 (45)                    34 (47)                            11 (39)                               n.s.               n.s.
  Blood type B, *n (%)*              6 (6)                      5 (7)                              1 (4)                                 n.s.               n.s.
  Blood type AB, *n (%)*             6 (6)                      6 (8)                              0 (0)                                 n.a                n/a
  Blood type O, *n (%)*              43 (43)                    27 (37.5)                          16 (57)                               n.s.               n.s.
  Mean GCS (preoperative), *(SD)*    7.25 (3.87)                6.5 (3.96)                         8 (4.12)                              n.s.               n.s.
  Mean GCS (postoperative), *(SD)*   3.75 (5.02)                3 (4.80)                           9 (5.19)                              **0,0001**         5.48 \[3.82--8.17\]
  Mean GCS (discharge), *(SD)*       7.75 (4.81)                6 (4.81)                           12 (5.18)                             **0,0001**         5.48 \[3.82--8.17\]
  Mean GOS (3 month), *(SD)*         3 (1.61)                   3 (1.54)                           3 (10.92)                             n.s.               n.s.
  Mean volume (cm3), *(SD)*          105.16 (37.96)             93.70 (47.98)                      100.03 (48.83)                        n.s.               n.s.
  Mean midline shift (mm), *(SD)*    9.1 (5.14)                 9.8 (6.50)                         7.2 (5.66)                            n.s.               n.s.
  Rebleeding, *n (%)*                20 (20)                    15 (21)                            5 (18)                                n.s.               n.s.

Splitting cohort allocation according to present anticoagulation therapy to exclude its bias role. Apart from age and in hospital GCS, no significant difference was observed.

The influence of patients ABO blood type on clinical course and functional outcome {#sec015}
----------------------------------------------------------------------------------

Patients with blood type O that were found to have a decreased midline shift and lower postoperative epileptic seizure incidence had interestingly no significant difference in the initial admission status represented through the GCS score, compared to non-O patients (p = 0.997; mean GCS 6). This effect remained to be not significant in the postoperative GCS evaluation (p = 0.727; mean GCS 3) and at discharge (p = 0.605; mean GCS 6; see [Table 1](#pone.0204331.t001){ref-type="table"}). In terms of rebleeding rate no significant difference between O and non-O patients was found either (OR 0.65; 95% CI \[0.23--1.82\]; p = 0.291). Regarding the morbidity outcome expressed through the GOS at 3 months, no significant difference could be found between O and non-O patients either. (p = 0.504 mean GOS 3). Interestingly patients with AB blood type had a borderline significant better initial admission status expressed in a higher GCS score (p = 0.051 mean GCS 11.5) compared to non-AB patients. This effect was not detectable in the postoperative nor in the GCS status at discharge p = 0.269 and p = 0.666 respectively. Surprisingly GOS analysis at 3 months showed a significantly lower outcome in AB patients compared non-AB. (p = 0.018 mean range 3.00--0.50).

Discussion {#sec016}
==========

Our analysis focused on the association between ABO blood type and the clinical course of aSDH patient's. We identified several parameters that were significantly dependent on patient's ABO blood type and describe our findings as additional new risk factors in aSDH burden.

aSDH is a serious condition that can cause mass effect, midline shift, and brain herniation. Prognostic factors are therefore highly needed in the clinical setting for predicting patient's outcome and their clinical course. Several prognostic factors were described to be associated with poor outcome in aSDH including midline shift, initial poor GCS, seizures and antithrombotic medication. \[[@pone.0204331.ref004],[@pone.0204331.ref008],[@pone.0204331.ref019]\] On the other hand recent studies defined patients ABO blood type as a genetic bleeding risk factor. Clinical investigations and epidemiological data showed that patient's with blood type O were at higher risk for clinically relevant hemorrhages, presumably due to the lowest amount of procoagulatory proteins in this blood group. \[[@pone.0204331.ref009],[@pone.0204331.ref012],[@pone.0204331.ref020]\] Vice versa non-O blood type patients were identified to be at an increased risk for developing VTE, coronary heart disease and arterial thrombosis. \[[@pone.0204331.ref017],[@pone.0204331.ref021],[@pone.0204331.ref022]\]

Interestingly, the Midline shift was significantly decreased in blood type O patients compared with non-O patients, presumably due to faster clot liquidation. Furthermore, the potential bias of anticoagulation therapy could be excluded in our analysis, which strengthen the clinical influence of ABO blood type in aSDH.

Counter-intuitively ABO blood type did not influence the postoperative rebleeding rate among our cohort. This finding could be in part explained by the rapid hemostaseologic interventions during patient's intensive care treatment in terms of coagulation factor substitution and postoperative anticoagulation necessity.

Postoperative epileptic seizures are an important risk factor in aSDH contributing to patients' morbidity and mortality. Whereas patients with blood type O had a significantly decreased risk for seizure development supposable through different clot properties and thereby lower cortex irritation, patients with blood type A had a significantly increased risk for postoperative seizures. So, especially patients with blood type A should receive a postoperative EEG.

In our cohort, ABO blood type did not significantly influence patient outcome evaluated through GCS score at admission, neither during intensive care treatment, nor at discharge. However, patients with the AB blood type (bearing the highest amount of procoagulatory proteins) showed the worst long-term outcome evaluated through the GOS scale at 3 months. Hemostaseological properties related to hematoma liquidation, patients' recovery and rehabilitation progress could be responsible for this finding. Therefore, further analysis should prospectively identify embolic complications during follow-up period.

Today's understanding of patients ABO blood type role in hemosatseology and thrombosis is gained mainly from extra-cranial cases. However, aSDH is a serious condition with high morbidity and mortality rates, especially among the elderly. \[[@pone.0204331.ref023],[@pone.0204331.ref024]\] As the population ages, the prevalence of aSDH and patients with anticoagulation therapy is anticipated to identify the need for individualized hemostaseologic therapy, reliable risk and prognostic factors. \[[@pone.0204331.ref023],[@pone.0204331.ref024]\]

To the best of our knowledge, data regarding the ABO blood type system and the clinical course after aSDH hemorrhage has not been investigated to date. Therefore, our data adds new insights in aSDH hemostaseology. However, our study has certain limitations. The present analysis was performed retrospective that is a subject for several bias itself. Further, several patients had to be excluded due to the lack of blood type data, making a selection bias possible. However, patient's characteristics and a general blood group distribution indicate a good representation in our cohort. Furthermore, three patients were operated as an "outpatient procedure" (missing operative capacity in other hospitals with neurosurgical department or missing own ICU capacity in our hospital). In these patient's also a lot of data is missing---especially history of anticoagulation, so these patients were excluded. Last to mention, data regarding long-term outcome further than 3 months after incidence was not included, excluding the possibility of the ABO blood type as a long-term outcome factor after aSDH.

Conclusion {#sec017}
==========

To date several established risk factors for poor outcome after aSDH are available. However, as the morbidity and mortality rates after aSDH are high, precise outcome factors are urgently needed for treatment recommendation, especially among the elderly. Here, we present the patients ABO blood type as a genetic risk factor with direct clinical implication. Patients with blood type A are at a significantly high risk for increased midline shift and postoperative seizures. So, we recommend a postoperative EEG to identify seizure and to treat these patients adequately. The biological mechanisms of aSDH sequelae related to the ABO blood type need to be investigated further.
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